A combination of biophysical measurements and computer simulation shows that a localised increase in cell bond tension prevents cell mixing at the anterior-posterior compartment boundary of Drosophila wing imaginal discs.
Boundary formation is an important feature of development. By preventing cell intermingling, boundaries ensure that tissue organisation and cell-fate decisions are properly coordinated. Two groups of cells can be made to segregate by differential expression of adhesion molecules (see [1] for a recent review). Indeed, the past decades have seen extensive searches for cell-adhesion molecules that are required for boundary formation and maintenance in a variety of situations. This has been met with moderate success, although, in most instances, the cell biological mechanism that underlies boundary formation and maintenance has remained elusive, even in cases where the upstream regulatory control is well understood. A paper by Dahmann, Jü licher and colleagues [2] in this issue of Current Biology takes a fresh look at this old problem and identifies cell bond tension as a key parameter that separates the anterior and posterior compartments of Drosophila imaginal discs.
According to the differential adhesion hypothesis, cells on either side of a boundary would have different affinities for each other because of distinct expression of adhesion molecules. In apparent support for the differential affinity hypothesis, Tartan and Capricious, two leucine-rich repeat proteins that have features of adhesion molecules, contribute in part to the maintenance of the dorsoventral boundary in wing imaginal discs of Drosophila [3] . However, one of the genetically best-characterised boundaries has so far eluded understanding. Despite extensive searches, no specific adhesion molecule is known to account for the separation between the anterior and posterior compartments of Drosophila imaginal discs. In other systems, Eph receptors and Ephrin ligands, which regulate repulsive behaviour, have emerged as important effectors, for example, at rhombomere boundaries (reviewed in [4] ). However, there is no evidence so far that molecules of this class contribute to the anterior-posterior compartment boundary or to any other boundary in Drosophila.
The anterior-posterior compartment boundary was identified by clonal analysis in the early 1970s [5] . Particularly striking was the finding that cells respect this boundary, even if they are given a growth advantage. The genetic interactions at the anterior-posterior compartment boundary are well understood (reviewed in [6] ). All the cells of the posterior compartment produce the Hedgehog signal yet are unable to respond to it. By contrast, anterior cells can all transduce the Hedgehog signal and, as a result, a stripe of cells near the boundary express Decapentaplegic (Dpp), another signalling molecule that organises cell-fate decisions along the anterior-posterior axis. Importantly, cell interactions at the compartment boundary ensure that that this stripe remains straight and well defined throughout extensive growth. Such straightness relies on the same regulatory network that controls dpp expression (reviewed in [7, 8] ). For example, anterior cells that cannot respond to Hedgehog stray into the posterior compartment [9, 10] . Expression of Engrailed at the posterior also contributes to boundary maintenance [9] , but this will not be further considered here. Although the regulatory network that controls boundary formation is well understood, the nature and mode of action of the relevant downstream events are largely unknown. For many years, it has been assumed that differential adhesion must have a key influence. However, numerous genetic screens have failed to identify the relevant adhesion molecule. It seems that, on this issue, traditional molecular genetics has reached its limit.
One alternative to the differential adhesion hypothesis was suggested by the observation that filamentous actin and myosin II accumulate at the dorsoventral boundary of wing imaginal discs [11, 12] and that this boundary is distorted in mutants of the zipper locus [12] , which encodes the myosin II heavy chain subunit. Therefore, specific cytoskeletal activity could define a boundary or contribute to its maintenance. Following up on this observation, in the new study Landsberg et al. [2] investigated the anterior-posterior boundary with biophysical assays that take into account cortical tension. One central measurable parameter of their approach is the cell bond tension, which describes tensile stresses along cell contacts at the level of adherens junctions. Cell bond tension can be viewed as the energy, per unit distance, required to change the length of a contact between two neighbouring cells. This parameter can be influenced by a range of factors, including cortical tension and cell-cell adhesion (Figure 1 ), but is distinguishable from deformation-induced elastic forces acting across the cell. Importantly, cell bond tension can be measured experimentally by cutting cell bonds and assessing how far and how fast the vertices at either end of the bond are displaced. The displacement and initial speed of recoil (hence cell bond tension) was shown to be significantly greater at the anterior-posterior boundary than at other cellular interfaces within the anterior or posterior compartment.
To quantify the role played by cell bond tension further, computational cell-vertex models [13] [14] [15] were used to simulate tissue behaviour (see Figure 1 for a description of the parameters considered). In cell-vertex models, cell contacts at adherens junctions are described by polygons with vertices forming where three polygons meet. Growth, tension, elasticity and adhesion can then be incorporated into an energy function that governs the movement of these vertices and polygons. Energy minimisation is used to calculate tissue configurations. These models are an ideal complement to the experimental approach since cell bond tension can be specifically incorporated as a single parameter. Simulations using such a model demonstrated that many of the experimental results could be replicated by simply setting a higher than average cell bond tension at the anterior-posterior boundary. In particular, the extent and angle of vertex displacements following virtual cuts were consistent with those observed experimentally. Moreover, in simulations of disc growth, cell intermingling was largely prevented at the anterior-posterior boundary and, as the amount of tension was increased, the boundary appeared smoother (although the simulated boundaries do not become as straight as the real boundary).
The power of the computational approach is that it provides an estimate of the relative increase in tension needed for a boundary to form. By combining their theoretical and experimental results, Landsberg et al. [2] conclude that cell bond tension is, on average, 2.5-fold higher at the boundary than at other cellular interfaces within the discs (no special mention is made about the dorsoventral boundary). Therefore, the anterior-posterior boundary can be seen as a line of increased tension running from one end of the wing primordium to the other. As additional evidence, the authors show that at the anterior-posterior boundary cell interfaces tend to align with the boundary, whereas they are randomly oriented elsewhere in the disc. Interestingly, angles between neighbouring cell bonds have also been shown to be a key indicator of tension at cell junctions in the embryonic epidermis of Drosophila [16] .
Can we exclude a contribution from differential adhesion? Cell bond tension incorporates several stress components, including those generated by cell-cell adhesion and cortical tension. Indeed, the parameter corresponding to cell bond tension in the computational model is oppositely regulated by cell-cell adhesion and cortical tension (Figure 1) . Therefore, measurement of relaxation after a cut does not allow these two processes to be deconvolved. Nevertheless, the authors show that cell bond tension is reduced in the presence of the Rho-kinase inhibitor Y-27632. Given that myosin II is the main target of Rho-kinase, this finding implicates myosin II as a main effector of cell tension. Moreover, in zip2/zipEbr mutant wing discs, which have reduced myosin II activity, the roughness of the compartment boundary increases relative to that in controls (Major and Irvine [12] reported that the anterior-posterior boundary was , and cell bond tension at all interfaces (line tension). The area is made to tend towards an ideal value, whilst the perimeter is minimised. Line tension is affected positively by cortical tension (leading to bond shrinkage) and negatively by cell adhesion (leading to bond growth). It is zero when these two forces balance each other. Cortical tension dominates over cell adhesion because line tension has been predicted to be positive throughout the epithelium [13] . Cortical tension and cell adhesion also influence the perimeter (indicated by dotted lines). Their relative contribution to boundary formation is therefore difficult to untangle. (Figure adapted from Box 1 in Landsberg et al. [2] .) unaffected in the same allelic combination, but they may not have sought the subtle effect reported by Landsberg et al. [2] ). As additional evidence that the cortical cytoskeleton, myosin II in particular, influences cell bond tension, it appears that myosin II and F-actin are both significantly, albeit moderately, increased along the anterior-posterior compartment boundary. Although myosin II is superficially expected to affect only cortical tension, it could also indirectly affect cell adhesion, e.g. by modulating the trafficking of adherens junction components [17] . A possible contribution of cell adhesion to cell bond tension and hence to the boundary, cannot therefore, be currently excluded. Further analysis will require these two contributions to be modelled separately; distinguishing between these two contributions experimentally still remains a substantial challenge. Myosin-dependent tension may be of general significance as it has been implicated in other morphogenetic events, such as cell sorting during zebrafish gastrulation [18] and axis elongation in the Drosophila embryo [16, 19] . Interestingly, Fernandez-Gonzalez et al. [19] have demonstrated that, in the Drosophila embryo, positive feedback enhances the localization of myosin II at regions of high tension. Such self-reinforcement leads to the formation of actomyosin 'cables' that span multiple adjacent cell bonds. It will be of great interest to see whether this feature is observable at the anterior-posterior boundary of wing imaginal discs, and whether, in simulation, it would lead to further straightening of the boundaries.
Any cell behaviour that maintains the boundary is expected to be regulated by Hedgehog signalling. As described above, one such behaviour is the alignment of cell interfaces parallel to the boundary. Using a clever genetic trick, Landsberg et al. [2] Visual Perception: Adapting to a Loss
The visual system is built to be highly adaptable, but the nature and purpose of this adaptation remains poorly understood. A new study opens the door to exploring visual plasticity in entirely new ways.
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Stare at a waterfall or expanding spiral for a moment, and afterward objects will briefly appear to move in the opposite direction. Hypnotists sometimes use the spiral illusion as a trick to convince audiences of their powers of mind control, but what is really controlling your mind is the stimulus, for your vision rapidly recalibrates whenever the image before you changes. The aftereffects of these response changes are often
